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FAN OUT OF INTERCONNECT ELEMENTS ATTACHED TO SEMICONDUCTOR 

WAFER 

1 . Field of the Invention 

[0001] In general, the invention relates to processing of semiconductor wafers and 
has particular applicability to formation of interconnect elements on semiconductor devices 
while in wafer form. 

2. Background of the Invention 

[0002] As is known, microelectronic or integrated circuits are manufactured by 
forming identical such circuits on each of a many devices or dice on a semiconductor wafer. 
Eventually, the wafer is divided or "singulated" into the individual devices or dice. 
Typically, this involves cutting, e.g., using a very fine saw, laser, kerfmg tool, dicing tool, or 
the like, the wafer along spaces between the dice, which spaces customarily are referred to as 
"scribe streets" or "kerf lines." 

[0003] Each of the individual die on a wafer include terminals that function as 
connection points into and out of the microelectronic circuit on the die. Eventually, 
interconnect elements are attached to the terminals. In use, these interconnect elements form 
electrical connections with an external element, allowing the external element and the die to 
communicate electrically. Examples of such external elements include without limitation 
printed circuit boards, other die, and other electronic elements. 

[0004] Commonly used interconnect elements include metal pins, solder balls, metal 
bumps, and metal pads. Resilient, elongated, spring-type interconnect elements, which have 
recently been developed, may also be used. Examples of such interconnect elements are 
described in this application and in applications incorporated herein by reference. 

[0005] Many, but not all, semiconductor devices (i.e., die) are also packaged. That is, 
a protective material is formed on or around at least a portion of the die. The protective 
material may serve a number of functions, including without limitation protecting the die, 
strengthening the die, and dissipating heat generated by the die. Plastics, metals, ceramics, 



1 



resins, and organic materials are nonexclusive examples of commonly used packaging 
materials. Of course, the interconnect elements attached to a die's terminals must extend 
through the die's packaging. 

[0006] Traditionally, a wafer is singulated into individual die before interconnect 
elements are attached to the dice's terminals and before the dice are packaged. It is known, 
however, to attach interconnect elements to the terminals of a die and/or package the die 
while the die is still in wafer form (that is, before the wafer has been singulated). This is 
sometimes referred to as "wafer level packaging." 

[0007] According to conventional wisdom, the interconnect elements and the 
packaging materials formed on a die of an unsingulated wafer must be located entirely within 
the boundary of the die on the wafer. That is, neither the interconnect elements nor the 
packaging materials may extend beyond the boundary of the die into the scribe streets 
surrounding the die. This limitation arises primarily because such interconnect elements or 
packaging materials would interfere with any subsequent attempt to cut the wafer along its 
scribe streets. 

[0008] That interconnect elements and packaging materials are confined to the area 
of the die imposes disadvantages on the use of wafer level packaging. One such 
disadvantage is a corresponding restriction on the pitch and layout of the interconnect 
elements. Simply put, the pitch of interconnect elements located entirely within the 
boimdary of a die must be finer or tighter than the pitch of interconnect elements that fan out 
beyond the boundary of the die (as is the case where the interconnect elements are attached to 
the die after it has been singulated from the wafer). Of course, the finer the pitch of the 
interconnect elements on the die, the finer the pitch that is required of the connection 
receptacles on the external element (e.g., printed circuit board) to which the die will be 
connected in use. Generally speaking, the finer the pitch of the connection receptacles, the 
greater the cost of the external element. 

[0009] Similarly, requiring that the interconnect elements be confined entirely within 
the boundary of the die also limits the pattern or layout of the interconnect elements. That is, 
the greater the area in which the interconnect elements can be located, the more freedom 



there is in locating each interconnect element and therefore the more freedom there is in 
selecting the pattern or layout of the interconnect elements. Again^ the loss of such freedom 
associated with wafer level packaging increases costs. 

[0010] As should be apparent, a way of packaging a die — ^and in particular, of 
attaching interconnect elements to terminals of the die — ^while in wafer form that allows the 
interconnect elements to fan out beyond the boundaries of the die is needed. 

SUMMARY OF THE INVENTION 

[0011] The present invention relates to processing of semiconductor devices while in 
wafer form and more particularly to formation of interconnect elements that fan out beyond 
theboundary of adie. An unsinguiated semiconductor wafer is provided. Electrical 
interconnect elements are formed on the unsinguiated wafer such that the interconnect 
elements are electrically connected to terminals of the semiconductor dice composing the 
wafer. At least a portion of the intercoimect elements extend beyond the boundaries of the 
dice into the scribe streets separating the individual dice. Thereafter, the wafer is singulated 
into individual dice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a simplified top view of a semiconductor wafer on which are 
formed a plurality of semiconductor devices or "dice," 

[0013] Figure 2 illustrates an exemplary embodiment of a process incorporating the 
present invention. 

[0014] Figure 3 A is a top view of a portion of an unsinguiated wafer showing three 
exemplary dice. 

[0015] Figure 3B is a top view of the wafer of Figure 3 A showing interconnect 
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elements attached thereto. 

[0016] Figures 4A and 4B are side cross-sectional views of the wafer of Figure 3B. 

[0017] Figure 5 illiistrates an exemplary wire bond interconnect element. 

[0018] Figures 6A-8D illustrate various exemplary processes for lithographically 
forming exemplary interconnect elements. 

[0019] Figure 9 A is a top view of a portion of an unsingulated wafer showing three 
exemplary dice. 

[0020] Figure 9B is a top view of the wafer of Figure 9A showing interconnect 
elements attached thereto. 

[0021] Figures lOA and lOB are side cross-sectional views of the wafer of Figure 9B. 

[0022] Figure 11 A is a top view of a portion of an unsingulated wafer showing three 
exemplary dice. 

[0023] Figures 1 IB and 1 IC are top views of the wafer of Figure 1 1 A showing, 
respectively, conductive traces and interconnect elements attached thereto. 

[0024] Figures 12A and 12B are side cross-sectional views of the wafer of Figure 

lie 

[0025] Figures 13 A - 13C, 14A- 14E, 15A - 15D, and 16A - 16E show side views of 
exemplary wafers undergoing singulation processes. 

[0026] Figures 1 7A and 1 7B are top views of three dice from a singulated wafer 
attached to a stretchy membrane. 

[0027] Figure 18A is a top view of a portion of an unsingulated wafer showing three 
exemplary dice. 

[0028] Figure 18B is a side cross-sectional view of the wafer of Figure ISA. 
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[0029] Figure 1 9 illustrates an exemplary embodiment of a process incorporating the 
present invention, 

[0030] Figure 20 A is a top view of a portion of an unsingulated wafer showing three 
exemplary dice. 

[0031] Figures 20B-20D are top views of the wafer of Figure 20 A showing, 
respectively, a packaging layer, conductive traces, and interconnect elements attached 
thereto. 

[0032] Figures 21A-21D are side cross-sectional views of Figure 20A-20D. 

[0033] Figure 22 is a top view of a portion of an unsingulated wafer showing three 
exemplary dice. 

[0034] 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0035] The present invention relates to processing of semiconductor wafers and more 
particularly to formation of interconnect elements that fan out beyond the boundary of a die. 
This specification describes several exemplary embodiments and applications of the 
invention. The invention, however, is not limited to these exemplary embodiments and 
applications or to the manner in which the exemplary embodiments and applications operate 
or are described herein. 

[0036] Figure 1 illustrates a typical semiconductor wafer 130. As is known, a 
plurality of semiconductor devices or "dice" 132 are formed on the wafer. Each device or die 
typically includes one or more microelectronic circuits formed thereon. Many different types 
of circuits are routinely formed on semiconductor dice, including without limitation memory 
circuits, microprocessor circuits, microcontroller circuits, logic circuits, application specific 
circuits, analog circuits, etc. As is also known, conductive terminals or pads are formed on 
each die (not shown in Figure 1), which provide electrical communication into and out of the 
circuit on the dice. Sufficient space 134 is provided between each die 132 and its neighbors 
to allow the wafer to be singulated into the individual die. This space is typically referred to 



as "scribe streets" or "kerf lines." 

[0037] Figure 2 illustrates an exemplary embodiment of a process for forming 
interconnect elements on an xmsingulated semiconductor wafer, where the interconnect 
elements "fan out" beyond the boundary of a die and into the scribe streets. 

[0038] As shown, initially, an unsingulated semiconductor wafer with a plurality of 
dice formed thereon is provided at step 202. Figure 3 A illustrates a portion of an exemplary 
wafer 330 that may be provided at step 202 of Figure 2. As can be seen, the illustrated 
portion consists of three exemplary dice 332, each having electrical terminals or pads 340 
arranged along lengths of the dice. As is known in the field, a semiconductor die 32, 
depending on its design, may include only a few such pads or many pads, and the pads may 
be arranged on the die in just about any pattern imaginable. As shown, the three dice 332 are 
adjacent one another in a particular row of the wafer 332. As discussed above, scribe streets 
334 separate one die 334 from another and provide space for singulating the dice. Although 
only scribe streets 334 between horizontally adjacent dice 332 are shown in the portion of the 
wafer 330 illustrated in Figure 3 A, such scribe streets are also present between vertically 
adjacent dice. 

[0039] Referring again to Figure 2, interconnect elements are formed on the wafer at 
step 204. The interconnect elements are formed on the terminals of the dice of the wafer and 
provide electrical connections between the terminals and points outside the dice. 
Importantly, the interconnect elements fanout from the dice, that is, the interconnect elements 
on a particular die extend from the terminals on the die beyond the boundary of the die and 
into a scribe street. Typically, the interconnect element will extend across the scribe street 
and into the boundary of a neighboring die. The interconnect element may, however, 
terminate within the scribe street such that it does not extend into or overlap the boundary of 
a neighboring die. 

[0040] Figures 3B, 4A, and 4B illustrate an exemplary formation of interconnect 
elements 350 on the wafer 330 of Figure 3 A. (Figure 3B illustrates a top view of the wafer 
330; Figure 4A illustrates a cross-sectional view of a die 332 taken through one of its vertical 
columns of terminals 340, as indicated in Figure 3B; and Figure 4B illustrates a cross- 



sectional view of the dice 332 taken through a horizontal scribe street (not labeled in Figure 
3B) just below the three dice 332, as also indicated in Figure 3B.) As shown, elongate, 
interconnect elements 350 are formed on each of the terminals 340 of the dice 332. In the 
example shown in Figure3B (and Figures 4A and 4B), interconnect elements 350 on adjacent 
dice 332 are interleaved so that the interconnect elements do not contact or otherwise 
interfere with each other. It should be apparent, however, interleaving may not be desirable 
or necessary in all cases. It should also be understood that the particular interleave scheme 
illustrated in Figure 3B is exemplary only. The present invention does not depend on any 
particular mterleave scheme; consequently, any interleave scheme may be used with the 
present invention. (Indeed, additional exemplary interleave schemes are illustrated in 
Figures 9A-12B.) It should be noted that the size of the scribe streets 334 are typically more 
narrow than shown in Figure 4B; the width of the scribe streets 334 as shown in Figure 4B is 
exaggerated to ease illustration of the embodiment of the invention depicted in that figure. 

[00411 The interconnect elements 350 illustrated in the exemplary embodiment of 
Figures 3B, 4A, and 4B must be elongate so as to extend from the dice terminals 340 beyond 
the boundaries of the dice 332. (It should be noted that, as discussed below with respect to 
Figures 19A-20D, other embodiments of the invention do not require that the interconnect 
elements be elongate.) In addition, although not required by the present invention, the 
intercoimect elements 350 are preferably resilient or springy. 

[0042] Figure 5 illustrates a cross-sectional view of an exemplary elongate, resilient 
interconnect element 550 that may be used with the present invention. The interconnect 
element 550 comprises a wire core 554 that is wire bonded to terminal 540 on wafer 530, 
Standard wire bonding techniques may be used. The wire core 554 is preferably made of a 
soft, readily shapeable material. Depending on the material selected, the wire core 554 may 
be formed into just about any shape. A soft, readily shapeable material, however, is usually 
not particularly strong or resilient. To make the structure strong and/or resilient, a coating 
552 is formed over the wire core 554. The coating 552 is preferably made of a material that 
is stronger, harder and/or more resilient than the wire core 554. If this is the case, the coating 
552 imparts strength, hardness, and/or resiliency to the interconnect element 550. By using a 
combination of a soft, readily shapeable material for the wire core 554 and a stronger, more 



resilient material for the coating 552, strong, resilient interconnect structures 550 may be 
formed in practically any shape. Thus, the shape illustrated in Figure 5 is exemplary only. 
For example, elongate shapes with one or more changes in direction, bends, zigs, zags, etc. in 
any direction (e.g., the "x,", "y," and/or "z" directions with respect to Figure 5) can be 
formed. 

[0043] Although the interconnect element 550 illustrated in Figure 5 consists of two 
materials (a wire core 554 and a coating 552), additional materials may be included in the 
composition of the interconnect element. For example, one or more additional coatings of 
materials may be included between the wure core 554 and the coating 552. Likewise, one or 
more coatings of other materials may be formed over coating 552. In addition, additives may 
optionally be added to one or more of the materials that comprise the interconnect structure 
550, and the interconnect structure may be heat treated to improve or manipulate physical 
and mechanical properties of the structure. Exemplary additives and heat treatment are 
described in U.S. Patent No, 6,150,186, which is incorporated herein by reference. Many 
variations of the interconnect element illustrated in Figure 5, including shapes, structures, 
and manufacturing processes are described in detail in U.S. Patent No. 5,476,21 1, U.S. Patent 
No. 5,917,707, and U.S. Patent No. 6,1 10,823, all of which are incorporated herein by 
reference. 

[0044] Elongate interconnect elements may alternatively be formed lithographically. 
Figures 6A-8 illustrate exemplary lithographic processes for forming elongate, resilient 
interconnect elements that may be used with the present invention. In Figure 6A, one or 
more layers of masking materials 660 are formed on wafer 630. The masking layers 660 
define both an opening exposing a terminal 640 and a shape for an elongate, resilient 
interconnect element 650 that is to be formed on the terminal. Once the masking layers 660 
are formed on the wafer 640, material is deposited on the masking layers 660, forming 
intercoimect element 650 on terminal 640 as shown in Figure 6B. Thereafter, masking layers 
660 are removed, leaving elongate interconnect element 650 attached to terminal 640, as 
shown in Figure 6C. 

[0045] Standard lithographic techniques known to those in the semiconductor field 
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may be used to form the masking layers 660 on the wafer 630. The material deposited on the 
masking layers 660 may be a single, springy material. Alternatively, multiple depositions of 
different materials may be made on the masking layers 660 so that the interconnect element 
650 is ultimately made of multiple layers of different materials. Moreover, the interconnect 
element 650 may be further processed after masking layers 660 are removed from the wafer 
630. For example, the initial material deposited in the masking layers 660 may be a soft, 
readily shapeable material such as forms the inner core of the interconnect element 550 
illustrated in Figure 5. That material may then be coated, for example, after the masking 
layers 660 are removed, with a strong, resilient material as described above with regard to 
Figure 5. As another example, the interconnect element 550 may be heat treated, for 
example, as described above with respect to Figure 5. 

[0046] As should be apparent, the shapes and configurations of interconnection 
elements formed lithographically are almost limitless. By appropriately forming the masking 
layers 660, interconnection elements 650 having just about any contour, bend, change in 
direction, zig, zag, etc. in any location or direction (e.g., in any of the "x," "y," and/ or "z" 
directions with respect to Figures 6A-6C) may be formed. Figures 7A-7C illustrate a 
nonexclusive example of a interconnect element 750 formed to have a base portion 752 
attached to a terminal 740 on a wafer 730, a beam portion 754, and a contact portion 756. As 
shown in Figures 7A and 7B, masking layers 760 form a pattern into which one or more 
materials are deposited to form the interconnect element 750. Removing masking layers 760 
leaves interconnect element 750 attached to terminal 740 on wafer 730, as shown in Figure 
7C. 

[0047] Figure 8A-8D illustrate an example of a lithographically formed spring 
contact 850 in which distinct post 852, beam 854, and tip 856 portions are separately created. 
Typically, the post 852 is created by forming a first masking layer 862 on wafer 830 with an 
opening over terminal 840. The post portion 852 is then formed by filling the opening with a 
material suitable for the post as shown in Figure 8A. Thereafter, a second masking layer 864 
is formed over the first masking layer 862, defining an opening that includes the post 852 and 
defines the beam 854. The beam 854 is then created by filling the opening with a material 
suitable for the beam as shown in Figure 8B. The process is then repeated with a third 
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masking layer 866 defining tiie tip 856 as shown in Figure 8C. Thereafter, the masking 
layers 862, 864, 866 are removed, leaving interconnect structure 850 attached to the terminal 
840. It should be noted that a separate contact tip that is pointed or otherwise angled may be 
attached to the tip portion 856. 

[0048] It should be noted that, rather than forming the interconnect elements 650, 
750, 850 on the wafer 630, 730, 830, the intercormect elements may be formed separately 
from the wafer and, once formed, attached to the wafer so as to line up with terminals on dice 
composing the wafer. It should be apparent that the use of lithographic methods for forming 
interconnection elements on a wafer, such as the methods described above, allow for the 
placement of the interconnection elements in just about any location desired on the wafer and 
^ the formation of interconnection elements in just about any shape imaginable. Many 

S a 

O exemplary techniques and processes for lithographically forming interconnection elements 

2* on a substrate, such as semiconductor wafer, and many exemplary interconnection elements 

j: shapes are described in the following U.S. patents and patent applications, all of which are 

%J incorporated herein by reference: U.S. patent application serial no. 08/819,464, filed March 

J^, 14, 1997; U.S. patent application serial no. 08/802,054, filed February 18, 1997; U.S. Patent 

O No. 6,184,053; U.S. patent application serial no. 09/023,859, filed February 13, 1998; U.S. 
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patent application serial no. 09/032,473, filed February 26, 1998; U.S. patent application 
2 serial no. 09/205,022, filed December 2, 1998; U.S. patent application serial no. 09/205,023, 

filed December 2, 1998; U.S. patent application serial no. 09/473,414, filed December 28, 
1999; U.S. patent application serial no. 09/474,788, filed December 29, 1999; U.S. patent 
application serial no. 09/364,788, filed July 30, 1999; U.S. patent application serial no. 
09/547,561, filed April 12, 2000; U.S. patent application serial no. 09/710,539, filed 
November 9, 2000; U.S. patent application serial no. 09/781,833, filed February 12, 2001; 
U.S. patent application serial no. 09/795,772, filed February 27, 2001; U.S. patent application 
serial no. 09/880,658, filed June 13, 2001; and U.S. patent application serial no. 09/746,716, 
filed December 22, 2000, Any such interconnection element may be used with the present 
invention. In addition, the physical and mechanical properties of such intercoimection 
elements may be manipulated by including particular additives in the materials used to form 
the interconnection elements and/or by heat treating as described above. 
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[0049] Figures 3 A-4B thus illustrate an exemplary implementation of step 204 of 
Figure 2 (forming interconnect elements on the wafer), and Figures 5 A-8D illustrate 
exemplary interconnection elements that may be formed on the wafer. Figures 9A-10B 
illustrate another exemplary implementation of step 204 of Figure 2. As with the 
implementation illustrated in Figures 3 A-4B, any elongate interconnect element may be 
utilized in the examples shown in Figures 9A-10B, including but not limited to elongate 
interconnect elements formed in accordance with the processes illustrated in Figures 5A-8D. 

[0050] Figure 9 A, like Figure 3 A, illustrates a portion of a semiconductor wafer 930 
having three adjacent dice 932. The wafer 930 may be similar or identical to the wafer 
described above with respect to Figure 3 A, This wafer 930 is provided with semiconductor 
devices (dice) formed thereon as per step 202 in Figure 2 above. As mentioned above, 
Figure 9A illustrates only three 932 of many such dice. Scribe streets 934 provide space 
between adjacent dice 932 that allows the wafer to be singulated into individual dice. 

[0051] As shown in Figures 9B, lOA, and lOB, interconnect elements 950 are formed 
on terminals 940 as per step 204 of Figure 2. (Figure 9B illustrates a top view of the wafer 
930; Figure lOA illustrates a cross-sectional view of a die 932 taken through one of its 
vertical colunms of terminals 940, as indicated in Figure 9B; and Figure lOB illustrates a 
cross-sectional view of the dice 932 taken through a horizontal line through the three dice 
932, as also indicated in Figure 9B.) As also shown, the interconnect elements 950 are 
arranged to interleave with interconnect elements attached to terminals on a neighboring die. 
Note that, in the example illustrated in Figure 9B, the each interconnect element 950 extends 
from a terminal 940 to which it is attached across a scribe street 934 and into the boundary of 
a neighboring die 932. Thus, in this example, the interconnect elements 950 overhand space 
above a neighboring die 332. 

[0052] Figures 1 1A-12B illustrate yet another exemplary way of performing the step 
of forming interconnect elements on terminals of the wafer, which is step 204 of Figure 2. 
(Figures 1 1 A-C illustrate top views of a wafer 1130; Figure 12A illustrates a cross-sectional 
view of a die 1 132 taken through one of its vertical columns of terminals 1 140, as indicated 
in Figure 12C; and Figure 12B illustrates a cross-sectional view of the dice 1 132 taken 
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through a horizontal line through the three dice 1 1 32, as also indicated in Figure 1 1 C) Like 
Figures 3 A and 9A, Figure 1 1 A illustrates a portion of an exemplary wafer 1130 that may be 
provided in step 202 of the process illustrated in Figure 2. The exemplary wafer 1 130 may 
be similar or identical to the wafer 330 illustrated in Figure 3 A. Again, three dice 1 132 are 
illustrated, each having a plurality of terminals 1 140 and being separated from each other by 
scribe streets 1134. 

[0053] In this example, the process of forming interconnect elements on terminals 
1 140 begins with forming conductive traces 1 144 on the surface of the dice 1 132 as shown in 
Figure 1 IB. Each conductive trace 1 144 is electrically connected to a die terminal 1 140. As 
shown in Figure 1 IC, the conductive traces 1 144 provide a location offset from terminals on 
an adjacent die 332 for interconnect elements 1 150. That is, along the right edge of a die 
332, interconnect elements 1 150 are formed on the conductive traces 1 144. Along the left 
edge of the die 1 132, however, interconnect elements 1 150 are formed on the terminals 1 140. 
This allows the interconnect elements 1 150 on neighboring dice II 32 to be interleaved so 
that they do not interfere with each other. 

[0054] It should be apparent that the conductive traces 1 144 perform a 
"redistribution" fimction. That is, in essence, they move or redistribute the locations of 
connection terminals into and out of the dice. It should be noted that an initial layer of 
insulative material may be applied to the surface of each die prior to forming the conductive 
traces 1 144. Openings in the material would be left over terminals 1 140, and the conductive 
traces would then be formed by filling such openings and then forming the conductive traces 
on the insulative material. It should also be apparent that multiple layers of insulative 
material and multiple layers of conductive material may be formed on a die so as to form 
complex redistribution of the connection terminals. 

[0055] Referring again to Figure 2, once the interconnection elements have been 
formed on the wafer at step 204, the wafer is singulated into individual dice at step 206. 
Figures 13A-13C illustrate an exemplary method for singulating the wafer into individual 
dice. For ease of discussion, the exemplary wafer 330 illustrated in Figures 3B-4B is the 
exemplary wafer shown in Figures 13A-13C. 
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[0056] As illustrated in Figures 13A-13C, once interconnection elements 350 have 
been formed on the wafer 330 at step 204 (referring to Figure 2), the semiconductor wafer 
330 — in particular, the tips of the interconnect elements 350 — ^is pressed against a 
fixative 1370 such that the tips of the interconnect elements 350 adhere to the fixative 1370. 
The fixative 1370 preferably is a layer of adhesive tape to which the interconnect 
elements 350 will adhere, but other materials to which the intercoimect elements will adhere 
may also be used, e.g., silicon gels. Such a tape is preferably debondable. Nonexclusive 
examples of such a tape include an organic, metallic, or ceramic material attached to an 
adhesive layer, 

[0057] Once the wafer 330 is adhered to the fixative 1370, the silicon wafer 330 is 
diced or singulated as shown in Figure 13B. This may be done using any suitable method of 
dicing or singulating a wafer. For example, a dicing blade or saw 1372, or a laser (not 
illustrated), may be used to cut along the scribe streets 334, separatuig the semiconductor 
wafer 330 into individual dice 332. As another example, the wafer may be "scribed" (not 
illustrated) along the scribe streets before being adhered to the fixative, using a scribing or 
scoring implement, and then fractured along the scribed lines as is known in the art. 

[0058] Notably, as illustrated in Figure 13B, when a cutting implement such as a 
dicing blade or dicing saw 1372 is used to singulate the semiconductor wafer 330, the depth 
of cutting is controlled carefully such that the dicing blade or dicing saw 1370 breaks through 
the side of the semiconductor wafer 330 opposite to the side from which the tool is applied to 
the semiconductor wafer (i.e., the side of the wafer 330 on which the interconnect 
elements 350 are disposed) but stops short of contacting the intercotmect elements. If, on the 
other hand, the semiconductor wafer 330 is singulated using a suitable laser to cut through 
the semiconductor wafer, it is believed that the laser beam is able to cut through the 
semiconductor wafer while leaving the interconnect elements 350 unharmed. 

[0059] Once the wafer 330 has been singulated, the individual, dice 332 are lifted 
away from the fixative 1370 as shown in Figure 13C. The removal of dice 332 may be done 
manually or, in an automated process, by suitably designed chip-handUng machinery. As 
suggested by Figure 13C, if the interconnection elements 350 are interleaved, it may be 
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preferable for the individual dice 332 to be removed from the fixative 1370 in order, 
beginning from one side or edge of the arrangement of separated dice 332 and moving 
sequentially across the array or arrangement. Of course, this is not essential to the present 
invention. 

[0060] Figures 14A-14D illustrate another exemplary method for singulating the 
wafer into individual dice. Again, for ease of discussion, the exemplary wafer 330 illustrated 
in Figures 14A-14D is the wafer shown in Figures 3B, 4A, and 4B. The steps illustrated in 
Figures 14A and 14B may be similar or identical to the steps illustrated in Figures 13 A and 
13B, respectively. Once the wafer 330 has been singulated as shown in the step illustrated in 
Figure 14B, a second fixative layer 1474, e.g., a layer of adhesive tape that may be the same 
as or different from the adhesive tape constituting fixative 1470, may be applied to the 
singulated dice 1432 opposite the interconnect elements 350, as shown in Figure 14C. The 
first fixative layer 1470 may be removed from the tips of the interconnect elements 350 to 
which it is adhered. The array of singulated dice 332 may then be transported en masse as 
attached to the second fixative layer 1474, or they may be removed from the second fixative 
layer 1474, if so desired, which may be in sequential fashion as described above with respect 
to Figure 13C and shown in Figure 14E. 

[0061] Figures 15A-15D illustrate yet another exemplary method for singulating the 
wafer into individual dice. Again, for ease of discussion, the exemplary wafer 330 illustrated 
in Figures 15A-15D is the exemplary wafer shown in Figures 3B, 4A, and 4B. As shown in 
Figure 15 A, the wafer 330 is adhered to a fixative 1570. As illustrated in Figure 15B, the 
back of the wafer 330 is then ground and/or polished to reduce its thickness. A preferred 
grinding and polishing method is referred to generically as atmospheric downstream plasma 
etching of silicon. 

[0062] Subsequently, the semiconductor wafer is singulated, as illustrated in 
Figure 15C. This may be accomplished as described above with reference to Figures 13B 
and 14B, and the individual, dice 332 may be removed from the fixative 1570, as illustrated 
in Figure 15D, which may be accomplished in the same manner as described above with 
reference to Figure 13C. Alternatively, if so desired, rather than removing the individual, 
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dice 332 from the fixative 1570 as illustrated in Figure 15D, a second fixative layer (not 
shown) may be applied to the individual semiconductor dice 332 in a manner analogous to 
the second fixitive layer 1474 of Figures 14A-14E. The first fixative 1570 may then be 
removed, with the dice 332 subsequently being removed from the second fixative layer in a 
manner analogous to the steps illustrated in Figures 14D and 14E. 

[0063] Figures 16A-16F illustrate an alternative process to the process shown in 
Figure 2 in which a semiconductor wafer 1630 is diced or singulated before interconnect 
elements are attached to the wafer. Figure 16A shows a partial side view of a wafer 1630 
that may be the same as or similar to the wafers illustrated in Figures 1, 3 A, 9 A, and/or 1 1 A. 
As shown in Figure 16B, a backing layer 1684 is applied to the back of the wafer 1630. The 
backing layer 1684 is preferably debondable. For example, the backing layer 1684 may be 
made of an organic, metallic, or ceramic substrate with an adhesive layer. The wafer 1 630 is 
then singulated, e.g., using a dicing blade or dicing saw 1672 as illustrated in Figure 16B. 
Intercoimect elements 1650 are then formed on terminals 340 as shown in Figure 16C. The 
singulated wafer 1630, held together by means of the backing layer 1684, is then adhered to a 
fixative 1670 as illustrated in Figure 16D. The backing layer 1684 is then removed and the 
individual dice 1632 are removed fi:om fixative 1670 as illustrated in Figure 16E. 

[0064] It should be apparent that the steps illustrated in Figures 16D and 16E are not 
necessary. That is, interconnect elements 1650 are formed on dice 1632 in the step 
illustrated in Figure 16C, the dice 1632 could simply be removed from fixative 1684, and the 
steps illustrated in Figures 16D and 16E skipped. 

[0065] A stretchy membrane or material may optionally be used with any of the 
processes for singulating the wafer illustrated in Figures 13 A through 16E to aid in the 
removal of singulated dice. In any of those processes, before removing singulated dice 332, 
1632 from the adhesive layer 1370, 1470, 1570, 1670 in steps 13C, 14D, 15D, or 16F, a 
stretchable material may be applied to the surface of the wafer opposite the adhesive layer. 
Thereafter, the adhesive layer is removed, the stretchable material is stretched, and the dice 
are removed from the stretchable material. Figure 17A illustrates an example in which a 
stretchable material 1780 has been applied to singulated dice 1732, each having interconnect 
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elements 1750 foraied on terminals 1740. As shown in Figure 17B, the stretchable material 
1780 is stretched, moving the singidated dice 1732 away from each other. The greater space 
between singulated dice 1732 makes it easer to pick and remove individual die 1732. 

[0066] Figures 18A mid 18B illustrate yet another exemplary method of singulating a 
wafer on which have been formed contact elements that extend beyond the boundary of dice 
on the wafer. In Figures 18A and 18B, contact elements 1850 have been formed be 
depositing (e.g., by electroplating) a metallic conductor on a pattern formed in photoresist 

1 83 1 that has been applied to a wafer 1830. (Examples for forming contact elements in 
patterned photoresist or like material can be found in the following above-identified patent 
documents: U.S. Patent No. 6,184,053; U.S. patent application serial no. 09/032,473, filed 
February 26, 1998; U.S. patent application serial no. 09/364,788, filed July 30, 1999; U.S. 
patent application serial no. 09/710,539, filed November 9, 2000; U.S. patent application 
serial no. 09/781,833, filed February 12, 2001; U.S. patent application serial no. 09/795,772, 
filed February 27, 2001; and U.S. patent application serial no. 09/880,658, filed June 13, 
2001.) 

[0067] Once the contact elements 1850 are formed on the terminals 1840 of the dice 

1832 of the wafer 1830, the wafer may be singulated fi-om the bottom (with respect to the 
orientation depicted in Figure 1 8B) of the wafer through the scribe streets 1 834. (It should 
be apparent that the size of the scribe streets shown in Figure 18B are exaggerated for 
clarity.) The wafer is cut through to the photoresist 1 83 1 formed over each scribe street 
1834. The photoresist 1831, however, is not cut through. Consequently, the photoresist 

1 83 1 formed over a scribe street 1 834 holds the wafer together even after the wafer has been 
singulated. An adhesive (not shown in Figures 18A and 18B) may then be applied to the 
back side of the wafer (the bottom side as depicted in Figure 18B) as discussed above. The 
photoresist 1 83 1 may then be removed fi-om the wafer 1 830 and the now singulated dice 

1832 removed from the adhesive as discussed above. 

[0068] Although not shown in Figures 3A-4B and 9A-18B, packaging may be formed 
on all or a portion of the dice before or after forming interconnect elements on the terminals 
of the dice. That is, a step of applying packaging to the die while in wafer form may be 
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added to Figure 2 before or after the step 204 of forming interconnect elements on terminals 
of the wafer. Many materials and processes for packaging unsingulated dice in wafer form 
are known, and any such materials and processes may be used with the present invention. 
Such packaging may consist of a single material applied to protect the die; alternatively, such 
packaging may consist of multiple layers of materials, which may be formed sequentially on 
the die or may be formed separately from the die and then attached to the die. 

[0069] Such packaging may cover a portion or all of each die 332, 932, 1 132, and 
such packaging may serve any of many purposes, including without limitation protecting the 
die, strengthening the die, dissipating heat generated by operation of the circuitry on the die, 
etc. Such packaging may also include stop structures to prevent interconnect elements 350, 
950, 1 150 from being compressed toward the die beyond a surface of the stop structures. 

[0070] It should be noted that the interconnect elements 350, 950, 11 50 may be 
formed on an outer surface of any packaging layer applied to the dice 332, 932, 11 32. In 
such a case, the packaging and the interconnect elements may be formed layer by layer on 
the dice. Alternatively, such packaging and the interconnect elements may be formed 
separate from the wafer and then attached to the unsingulated wafer. 

[0071] As discussed above, interconnect elements used with the embodiment of the 
invention illustrated in Figure 2 must be elongate in the sense that they must have a length 
sufficient to extend from a terminal on a die to a point or area beyond the boundary of the 
die. As also discussed above, although the wire-bond-style interconnect elements described 
in connection with Figure 5 and the lithographically-created-style interconnect elements 
described in connection with Figures 6A-8D are preferred interconnection elements, any 
elongate interconnection element having sufficient length to extend from a terminal on a die 
to a point beyond the boundary of the die may be used with the present invention, and in 
particular, with the exemplary embodiments illustrated in and described with respect to 
Figure 2. Figure 19 illustrates an alternative exemplary embodiment of the invention in 
which interconnect elements that are not elongate (that is, do not have sufficient length to 
extend from a connection point on a die to a point beyond the boundary of the die) may be 
used. 
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[0072] As illustrated in Figure 19, a semiconductor wafer is provided at step 1902. 
This step may be similar or identical to step 202 in Figure 2. Figures 20A and 21 A (which 
illustrates a cross-section view of Figure 20A) show top and cross-section side views, 
respectively, of a portion of an exemplary semiconductor wafer 2030 that may be provided in 
step 1902 of Figure 19. The wafer 2030 and dice 2032 may be similar or the same as the 
wafer and dice illustrated in Figures 1, 3 A, 9A, and/or 1 1 A above. Referring to Figures 20A 
and 20A, three exemplary dice (of many) 2032 are shown. Each die 2032 includes a plurality 
of terminals 2040 for making electrical connections with the circuitry (not shown) on the die. 
As also shown, scribe streets 2034 provide space between each die 2032 to allow the wafer 
2030 to be singulated into individual dice. 

[0073] At step 1904 in Figure 19, one or more packaging layers are applied to each 
die 2032 on the semiconductor wafer 2030. Figures 20B and 21 B (which illustrates a cross- 
section view of Figure 20B) illustrate application of exemplary packaging 2094 to the dice 
2032. 

[0074] As shown in Figures 20B and 2 IB, the packaging 2094 may generally cover 
each die 2032. Openings in the packaging 2094, however, correspond to terminals 2040, 
making these terminals accessible through the packaging. Importantly, the packaging 
includes extensions or "fingers" 2096 that extend beyond the boundaries of a die 2032 into a 
scribe street 2034. As shown in Figure 20B, "fingers" 2096 extending fi:om one die 2032 
form a generally interlocking pattern with fingers extending from a neighboring die. As will 
be seen, the "fingers" 2096 form a base or platform for supporting interconnect elements that 
are not elongate. 

[0075] Use of a particular material or materials &om which the exemplary packaging 
2094 illustrated in Figures 20B and 21B is formed is not important to the present invention. 
Many materials are known for packaguig a semiconductor die, and any such material or 
materials may be used to form the packaging 2094. Such materials may be chosen for their 
ability to protect the circuitry (not shown) on the die 2032, to strengthen the die, and/or to 
dissipate heat generated by operation of the circuitry on the die. In addition, the material 
may be chosen to achieve other beneficial results. Exemplary materials include but are not 
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limited to plastics, resins, metals, and organic materials. 

[0076] The packaging 2094 illustrated in Figures 20B and 21B may be formed of one 
layer of an insulating material, or the packaging may alternatively be formed of multiple 
layers, and some of those layers may include conductive or semiconductive materials. For 
example, a plurality of insulating and conductive materials may be configured to provide a 
generally insulative covering over the active side of the die, where the packaging includes 
embedded conductive paths for redistributing the locations of the terminals 1940 at the top of 
outer surface or the packaging. 

[0077] In addition, although the packaging 2094 shown in Figures 20B and 21 B 
covers most of the active surface area of a die 2032, the packaging could alternatively be 
formed such that it covers only a portion or portions of the die. For example, only "fingers" 
(similar to the "fingers" 2096 shown in Figure 20B) could be formed, extending firom a 
terminal 2040 into a scribe street 2034. 

[0078] After the packaging 2094 has been applied, conductive traces 2098 are formed 
on the packaging, as shown in Figures 20C and 21C (which illustrates a cross-section view of 
Figure 20C). The conductive traces form a conductive path fi:om a terminal 2040 to an end 
of a "finger" 2096, as also shown in Figures 20C and 21 C. 

[0079] Referring again to Figures 19 and to FigiJires 20D and 2 ID (which illustrates a 
cross-section view of Figure 20D), at step 1906, interconnect elements 2099 are formed on or 
attached to the conductive traces 2098 near the end of the "fingers" 2096. The interconnect 
elements 2099 may be any type of intercoimect element suitable for providing an electrical 
connection to a terminal 2040 on a semiconductor die. Nonexclusive examples of such 
interconnect terminals include metal pins, solder balls, metal bumps, and metal pads. 
Although the "fingers" 2096 are formed to allow non-elongate interconnection elements to be 
used with the present invention and such "fingers" are not necessary if elongate 
interconnection elements are used, elongate interconnection elements may nevertheless be 
formed on or attached to the conductive traces 2098 on the ends of the fingers" 2096. 

[0080] Of course, although not shown in Figures 20A-21D, additional packaging 
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layers or materials may be applied to the die 2032. For example, an additional layer of a 
protective material could be applied over the packaging 2094 and the conductive traces 2098. 
Materials could also be applied around the interconnection elements 2099 to strengthen the 
bond between the interconnection elements and the conductive traces 2098. Any such 
additional packaging layers, however, are optional and need not be used with the present 
invention. 

[0081] It should be noted that the packaging 2094, conductive traces 2098, and 
interconnect elements 2099 may be formed one layer and/or item at a time on the wafer using 
standard semiconductor fabrication techniques as illustrated in Figures 20A-21D. 
Alternatively, the combination of the packaging 2094, conductive traces 2098, and the 
interconnect elements 2099 may be formed separately from the wafer 2030 and then joined to 
wafer. 

[0082] After steps 1902-1906 have been completed, the wafer 2030 is singulated into 
individual die 2032 at step 1908 of Figure 19. Any of the processes illustrated in Figures 
1 3A-16E may be used to singulate the wafer 2030. Moreover, after the dice 2032 have been 
singulated, additional packaging may be applied to the singulated dice. Any such additional 
packaging, however, is optional. 

|0083] Although the example illustrated in Figures 20A-21D shows the "fingers" 
2096 of packaging 2094 extending into the scribe streets 2034 but not extending into the 
boundary of a neighboring die 2032, the "fingers" may extend across a scribe street and into 
the boundary of a neighboring die. If this is done, a layer of "release" material (not shown in 
Figures 20A-21D) is preferably formed on the scribe street 2034 and on portions of the dice 
2032 over which a "finger" from a neighboring die 2032 will be formed. The "release" 
material is preferably formed between the surface of the wafer 2030 and the packaging 2094. 
The "release" material preferably is a material that will allow the portions of the "fingers" 
that overhang a neighboring die to be easily separated from the neighboring die. 

[0084] It should be apparent that the invention provides many advantages. For 
example, flip chip mounted dice having contact elements that extend beyond the boundary of 
the dice can be made. As another example, as the die size for a particular integrated circuit 
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design shrinks over time, the same foot print for contact elements can be maintained. 

[0085] Although the principles of the present invention have been illustrated and 
explained in the context of specific embodiments, it will be appreciated by those having skill 
in the art that various modifications beyond those illustrated can be made to the disclosed 
embodiments without departing from the principles of the present invention. 

[0086] For example, although not shown in any of the figures of the application, 
additional packaging may be applied to any of the dice described herein after the dice have 
been singulated from a wafer. As another example, it should be apparent that, although each 
of the examples described above shows interconnect elements extending from two sides of 
each die, interconnect elements could be formed to extend fi-om only one side of a die or 
from three or all four sides of a die. As yet another example, not all of the contact elements 
need extend beyond the boundary of a die. For example, every other one of the contact 
elements 950 along one side of a die 932 shown in Figure 9B may be shortened such that 
they do not extend beyond the boundary of the die. As another example, the contact 
elements 950 along one side of a die 932 may extend beyond the boundary of the die as 
shown in Figure 9B, but contact elements 950 along the other side of the die may be 
shortened such that they do not extend beyond the boundary of the die. Figure 22 illustrates 
another example in which some but not all of the contact elements 2250 on terminals 2240 of 
dice 2232 extend beyond the boundaries of the dice. (The exemplary dice 2232 are formed 
on wafer 2230 with scribe streets 2234 between the dice.) In the example illustrated in 
Figure 22, contact elements 2250 attached to an inner column of terminals 2240 do not 
extend beyond the boundary of the die. 

[0087] Other examples of modifications that may be made to the above described 
embodiments include replacing the adhesive used temporarily to hold a singulated wafer 
together with a magnetic plate (which may be attracted to the metallic contact elements or 
other metallic elements on a wafer). (See the above discussion regarding Figures 13A-16E.) 
Alternatively, an unprocessed silicon wafer applied with a sticky or adhesive substance may 
be used as the adhesive in the above described embodiments. As yet another alternative, a 
wafer 130 as shown in Figure 1 may be cut or scribed along all of its horizontal scribe streets; 
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contact elements may then be formed on the dice 132 overhanging only the horizontal scribe 
streets but not the vertical scribe streets; thereafter, the wafer 130 may be cut or scribed along 
its vertical scribe streets. Of course, the vertical scribe streets could be initially cut, contact 
elements formed overhanging the vertical scribe streets, and then the horizontal scribe streets 
cut, 

[00881 As yet another example, a support ring may be added to the a wafer (e.g., 
wafer 930 shown in Figure 9B) to support the ends of contact elements 950. As still another 
example, the principles of the invention may be applied to forming contact elements on 
panels for semiconductor packages, which are often formed from a single piece of printed 
circuit board and then singulated into individual panels. In accordance with the principles of 
the invention discussed above, contact elements that overhang the boundaries of the panels 
may be formed on terminals of the panels before singulating the panels. 

[0089] All of the foregoing as well as other modifications to and departures from the 
disclosed embodiments are deemed to be within the scope of the following claims. 
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